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A NOVEL PKt JlttlN TYROSINE KINASE 



The present invention relates generally lu * novel protein tyrosine kinase and 
5 to genetic sequences encoding same. 

Protein tyrosine kinases (PTKs) are structurally well suited to a role 
intracellular signal transduction. Many growth factor receptors, for example, 
transduce the extracellular stimulus they receive through interaction with their 
cognate ligand via an intracellular tyrosine kinase domain. Ai least one nf the 
non-receptor PTKs, namely LCK, is believed to mediate the transduction In T- 
cells of a signal from tha interaction of a cell-surface protein (CD4) with a 
cross-linked ann-CD4 antibody. 



The broader family of PTKs can be sub-divided on the basts of structural 
parameters of individual members. For example, the sre family of PTKs now 
numbers 8 members (Marth d aL, 1985; Nbukawa cl al. 1986; Semba et al., 
1986; Martinez el ai, 1987; Sukcgawa d aL, 1987; Yamanishi ci aL, 1987; 
Hnrnnan el ai, 1987; Dymtcki et ai, 1990), each with a characteristic 
20 complement of extra-cat*lync domains, including an SH2, an SH3 domain and 
a variable ligand binding domain. It is clear that a process of gene duplication 
has taken place in ibis case, so that the evolutlonarily successful thematic 
structure of this family can be employed in a variety of cellular contexts. 
Similar PTK structural sub-families exist based around die FGF receptor and 
25 the CSF-1 receptor (reviewed in Wilks, 1990). 

✓ever, one feature in coromnn with the atbremeotioned PTKs it that each 
kinase bean a single highly related "catalytic" domain. 
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In acc or da n c e with the prwem invention a protein tyrosine kinase is provided 
•which is distinct from chose previously known, in particular, the protein 
tyrosine kinase of the present invention is unique since it prrawtes more than 
one protein kinase catalytic domain. Furthermore, the kinase does not bear an 
SH2 domain. The novel protein tyrosine kinase of the present invention 
represents a new subfamily or class of protein tyrosine kinase. 

Accordingly, one aspect of the present invention is directed to an animal 
protein tyrosine kuiasc-iike molecule comprising a polypeptide having multiple 
protein kinase catalytic domains but nu SH2 domain. 



Preferably, the polypeptide has two protein kinase catah/tic domains. 

15 Preferably, the animal is a mammal and it most preferably a human or a 
mouse. 

Hereinafter, a protein having these characteristics will be referred to as a 
MAK" (from JAnus Kinase: Janus, in Encyclopaedia Britannic* (11U» Ed) Vol 
20 XV pp 155-156). The present invention is specifically exemplified using J AK1 
and JAK2 from humans and mice, This is done, however, with the 
understanding that the present Invention extend* to the whole family of JAKs 
from all animals and to mutauis, derivatives, analogues and homolngnes 
thereof. The term ■protein tyrosine kinese-like molecule" (abbreviated herein 
to "PTK-like molecule") is used throughout the specificatiou aud claims to 
emphasise that the present invention encompasses all members of the JAK 
family and to their mutants, derivatives, analogues and homologues. 

In accordance -with the present invention, there Is provided a PTK-like 
30 molecule. Preferably the molecule is in biological pure or in substantially pure 
and/or synthetic form. The purity of the preparation is characterised by a 
sample comprising at least 70% by weight, preferably at least 80% by weight 



WO 92/10519 



PCI7US91/08889 



-3- 

and most preferably at least yO% by weight PTK-like molecule. Alternatively, 
where the purity of the enzyme preparation is not critical, the present 
invention also encompasses an impure PTK-litoe molecule preparation but 
Much possesses a substantial amount of JAK activity. 

S 

Tbt present invertfon is directed to a naturally occurring PTK-lOoc. molecule, 
biologically pure or substantially, pure as b*r«inbefare defined and to 
derivatives, functional analogues end homologues thereat. Such derivatives 
include polypeptides having single or multiple amino acid oihcrirwionc 

10 deletions and/or additions relative la &s naturally occurring sequence. These 
derivatives, functional analogues and homologues also encompass thudc ux 
multiple substitutions, deletions and/or additions to any associated molecules 
such as carbohydrate, lipid and/or proteinadous moieties. Reference herein to 
"PTK-like molecules 11 includes all such derivatives, functional analogues and 

15 homologues. Tbc present invenrion also extends to synthetic form* nf thr. 
polypeptides which include recombinant molecules and molecules prepared by 
the stepwise addition of amino acids to groups of amino adds in defined order. 

A range of derivatives and analogues of the PTK-like molecule are 
20 contemplated herein and rnchirt* altering the mpfrf ute at its nudeotide 

sequence-encoding level during Its expression within a r-ll or in vitro or post- 
synthesis modification. Such derivatives and analogues include, but are not 
limited to, modifications to side chains, incorporation of unnatural amino adds 
during polypeptide synthesis and the use of crosslinkers and other methods 
25 which impose conformational constraints on the polypeptide or their 
analogues. 

Ex cs of jutlc chain modifications contemplated by the present invention 
include modifications f amino Rftrops such a* by reductive alkyladon by 
30 reaction with an aldehyde followed by reduction with NaBII^ amidination with 
methytacetiraidate; acyiation with acetic anhydride; caibamoyiati n of amino 
groups with cyanate; trinitrnbenTylaHon of amino groups with 2, 4, 6, 
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trinltrobenzene nilphonic acid (TNBS); acylation of amino gropus with succinic 
anhydride and tetrahydrophthalic anhydride; aad pyridosylarioa of lysine with 
pyridowd-S'-phosphaic fullowcd by reduction with NaBH 4 . 

S The gua n idi n o group of amnirx rciiduet ntv be mr«nn«i w%/ rK« 4W~-.i~ — « 
heterocyclic condensation products with reagents such as W>utanedioac, 
phenylgrynral and glyoxal. 

He carboxyl group may be modified by earhodiirnide activation via, O 
10 acyiisourea formtion followed by subsequent dertvitlsation. for example, to a 
corresponding amiA*. 

.Sulphydryl groups may be modified by methods such as carboxymethvlarion 
with kxio acetic add or indnacetamide; performic add oxidation to cysteic 
15 acid; formation of a mixed dlsulphldes with other thiol compounds; reaction 
with malcimide, maleic anhydride or other substituted maleimide: formation of 
mercurial derivatives using 4-chlcromcrcuribenzOKic, 4- 
chloromercuriphenykulphonic acid, phenytewrcury chloride, 2xlilorcunercuri-4- 
nirrnphnnol and other mercurials; carbamoyl arion with cyenatc at alkaline pH. 

20 

Tryptophan residues may be modified by, for example, oxidation with N- 
bromosuccinluiidc or alkylation Of the indole ring with 2-hytlroxy5TUtrobenxyl 
bromide or sulphenyl halidcs. Tyrosine residues on the other hand, may he 
altered by nitration with tctranitromethanc to form a 3*niiroryrosine derivative. 



Mnrtitiration of the imidazole ringe of a histidine residue may be accomplished 
by alkylation with lodoacetic nciri derivatives or N-carbethoxylation with 
«iethylpyrocaibonaie. 
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Examples of incorporating unnatural amino acids and derivatives during 
polypeptide synthesis include, but are not limited to, use of norleudnej4- 
amino butyric add, 4*amiixr 3 * bydi uxy^-phcnl pentanoic acid, 6*aniiuokcxiuiuic 
5 ocid» t-butyiglycine, norvelinc, phcnylglycinc, ornithine, sareosinc, 4-amino-3 
hydroxytfroethyiheptanoic acid, 2-thienyl alanine and/or EMsomers of amino 
adds. 

Qvsslinkers can be used, for example, to stabilise 3D conformations, using 
10 homo-bifunctional aosslinkcis such as (he bifuuctiuoal imido esters having 
(CH 2 ) n spacer groups with n-1 ton -6, ghitaraldchydc, N hydnttysucdnhnidc 
esters and hetero-bifunctional reagents which usually contain an omino*re active 
moiety such as N-hydroxytucdnimide and another group specific-reactive 
moiety such as maleimido or dithio moiety (SH) or carhortiimicte (CJOC )H). In 
IS addition, polypeptides could be conformational^ constrained by. for example, 
incorporation of C m and N.nneUiyl&niitfto acids, itilruductiuu uf double bonds 
between C. and C e atoms of amine acids and the formation of cyclic 
polypeptides or analogues by introducing covalent bonds such as forming an 
amide bond between the N and C termini, between two side chains or between 
20 a side chain and the N or C terminus 

The present invention, therefore, extends to peptides or polypeptides and 
amino acid and/or chemical analogues thereof corresponding to regions of 
FTC-like molecules. Preferably, the PTK-likc molecules will retain JAK 
25 activity. However, molocules carrying mutations in the catalytic domains 
rendering these inactive may be useful in, for example, titrating out activity 
a iteration of antibodies such molecules are encnmpASseri by the prr.sr.nr 
invention. 

30 The molecular weights of the PTK-likc molecules of the present invention 
range from 100,000 to 200,000 daltons and preferably from 120,000 to 150,000 
dal ton*. 
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In a most preferred embodiment, the present inventions provides JAK1 and 
JAK2. JAJU is an approximately 1142 amino odd molecule with a moleculai 
weight of about 132,000 cialtons and a nucleotide sequence shown in Figure 2. 
JAK2 is an approximately 1.100 amino acid motanile with a sclecular weight 
5 of about 130,000 daltous and with a nucleotide sequence shown in Figure 8. 

The present invention is also directed to generic sequences including DNA, 
cDNA unci mRNA which encode the PTK-liix molecules hcrcbdetcribcd. 
Such genetic sequences include single or multiple nucleotide substitutions, 
10 delcUons and/or additions relative the naturally occurring sequence and extend 
to sequences encodm* die derivatives, functional analogues and homologies of 
the PTK-likc molecules. The present invention also provides these genetic 
sequence* in vector and expression vector systems cither in. yjim or In a 
biological system (Le. eukaryotic or prokaryotic cells) transformed with such 
vectors or genetic sequences. In a most preferred embodiment the present 
invention provides CDNA encoding JAK1 and JAJC2 as set forth in Figure* 2 
and 8, respcctivelY. A range of mutants can be obtained using standard 
techniques such as an oligonucleotide mutagenesis and chemical mmag«n«it, 
and all such mutants and derivatives arc encompassed by the present 
2U invention. 

The present invention also provides antibodies to a PTK-like molecule. Such 
antibodies may be monoclonal or polyclonal. 

25 The PTK-likc molecule of the present invention have varying utility such as in 
the phosphorylation of proteins, incorporation of labels and in the design of 
Jogues, antagonists and agonists of JAKs. 

Accordingly, another aspect of the present invention contemplates a method 
30 for phosphorylating a protein comprising contacting said protein with a 
phosphorylaiing effective amount of a PTK-likc molecule, said molecule 
comprising a polypeptide having multiple protein kinase catalytic domains but 
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no SH2 domain for a time tad under conditions lurriuem for laid Cm pmrein 
io be pbosphorylated. Preferably, the polypeptide has two protein kinase 
catalytic domains and most preferably is JAKl and/or JAK2 and/or tfieii 
derivatives. 

The present invention U further described by reference to the following non- 
limiting Figures and Examples. 

In the Figures: 

Rgw» 1 is ft photographic representation of a Northern analysis of murine end 
human JAKl. 

2ug aliquot* of poly(A)+ irJlNA from murine tissues: lane 1, lung: lane 

2, Irver. lane 3, Wdney; lane 4, intc4tiw^ 

muscle: lane 7, spleen: lane 8, salivary gland: lane 9, placenta: lane 10. 
mammary gland, were fractionated on a 1J0% agarcWformaldehydc ' 
(Moran ct aj. 1988) gel and the RNA transferred onto a Ceneserccn 
plus (Dupont) membrane. The transferred RNA was hybridized with a 
1.8 leb »P-labelkd murine JAKl probe and the filter autoradiography 
for Ifi hr. at -70»C with two intensifying screens. The relative mobiliti« 
of 28S rRNA (upper arrow) and 18S rRNA (lower arrow) are shown. 

2ug aliquot* of poly(A)+ mRNA from the human hemopoietic cell 
lines: lane 1, IILG0 (myelcmonocytic); lane 2, U937 (monocytic): lane 

3, LK£3 (pre-B): lane 4, RAJI (B-cell): lane 5, CEM (T-cell): Une 6, 
K562 (erythroleukaemia) were fractionated on a 1.0% 
agarow/fnrmaldehyde (Moran el at 1988) gel and die RNA transferred 
onto a Genescreen plus (Dupont) membrane. Th transferred RNA 
was hybridized with a full-length n F-labelied human JAKl probe and 
the filter autoradiograplieU for 16 hr. at -70°C with two intensifying 
screens. The relative mobilities of 28S rRNA (upper arrow) and 18S 
rRNA (lower arrow) are shown. 



B. 
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Figure 2 is a representauon showing nucleotide sequence and predicted amino 
add sequence of human JAW. The DNA sequence b numbered at die end of 
each line of sequence from the first nucleotide of the largest clone (pTU73), 
the amiro acid sequence (in one letter code) is numbered from the pfJtativc' 
AUG and appears above the hue tu which li refers. The two kinase catalytic 
domain- are boxed with arrows, and kinase consensus motto are enumerated 
according to the nomenclature ?f Hanks ci al (1988). The suffix a (e.g. Ha) 
denotes the kinase related motifs present in the first kinaseTclated domain 
(designated domain- 1 in Fig**) also numbered according to the same 
nomenclature. The tyrosine residue in an analogous position to the 
autophosphoryiation site of a number of other protein tyrosine kinases is 
marked with an inverted triangle. 



15 



20 



25 



Figure 3 is a representation showing: 

Panel A. Amino-add sequence comparison of the two kinasc-rclatcd 

domains of JAK1. The amino-acid sequences (expressed in one- 
letter amuiu acid code) of the twn Icinase-related domains 
(domain- 1 amino-acids 376-825; domaln-2 (PlX-<tomain) amino- 
acids 868-1 130) of JAM and the human thieonlne/serine-jqwiric 
kinase CDC2 (24) (amino adds 9-272) arc aligned in order to 
maximize identity. The kinase-s-elated domains have been 
divided Into three segments and the number of amino add 
residues separating each segment appears at the end of each line. 
Motifs held in common between at least two of these domains 
ore both bolded and boxed. Roman numerals above the 
alignment correspond to the conserved domain nomendature 
devised by Hanks el al (1988). 



Pond B. 



30 



Hydropathy plot of the human JAKI protein. The protein 
sequence of human JAM (indudlng the 10 extra amino adds 
which precede the most likely initiation uxlon) were analysed by 
the hydrophilidty algorithm of Kyte and Doolilde (1982) using a 
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span length of 25 amino odds. The relative locations of the two 
kinase related domains are marked as Domain- 1 ami PTK. The 
absence of a hydrophobic transmembrane domain is cicely seeu, 
as can the presence of a highly hydmphilic region between amino 
acids 323 and 350. 

Figure 4 is a representation of an analysis of the JAM urotein. 

Panel A. Cellular proteins of the murine mammary fibroblast cell line (17) 
were labelled with ^methionine (pond A) and 
hiimunopredpltated with either pre-immune (PI) or immune (I) 
cntiJAK rabbit antiserum (raised in rabbit MS against the 
pGEX/JAKI/1 fusion protein or the C-iennlnal peptide (M3J) 
and fractionated on a 9i% SDS-PAOE gel (Laeramll, 1970). 
Both rabbit antiseta specificaUy inimuiwprecipiaicd an 35 S- 
labelled protein of apparent molecular weight 130.000D. 

Panel B. Demonstration of tyrosine kinase activity in JAK1 bacterial fusion 
proteins. JAJQ fusion proteins were generated ming pGEX2 
(Smith and Johnson, 1988). The eulire domaln-l region wa< 
included in construct pGEX/JAKl/1. The PTK domain portion of 
the fusion protein attended to the BamHI site 15 nucleotides 5' 
of the first glycine oodon of the GXCXXC motif of the AT? 
binding site. An empty vector control was also performed. The 
bacteria were induced by the addition r»f hnM IPTG as described 
by Smith and Johnsou (1988) and two 1ml aliqnots of the bacteria 
were removed at 60 minutes and 120 minutes posi-inriuctinn and 
rysed with SDS samp]* buffer. Western analysis or the samples 
was performed using anti-phosphotyrosine antbera (PY-20 
[ICN]). The arrow heads mart the positions of the CEX-JAK 
fusion proteins, in each induction. 
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Panel C Construction of the pGEX/JAK fusion proteins. The locations of 
ihe two kinase related domains of JAKl arc shown, and below, 
the structure of the fusion protein* with the glutathione S- 
transferase gene. 

Figure 5 is a representation of a sequence comparison between JAKl and 
JAX2 Wnase-related domains; The deduced amino acid sequence of murine 
JAK2 was compared tn the human JAKl amino acid sequence by application 
of an alignment programme of the Staden VAX-based suite of Sequence 
analysis programmes. Asterisks (*) denote identity, dollar signs ($) denote 
conservative substitutions. Sequences are numbered with respect to the JAKl 
sequence. The extent of the domain- 1 and PTK domains Is shown by arrows 
above the amino add sequence. 



figure 6 is a graphical representation of a phyiogenetic analysis of the two 
JAKl Kinasc-lfte domains. The tree building concept of Fitch and Margoliash 
(1967) as implemented by Feng and DooUttle (1987) and Hanks el al (1988) 
was used to generate a phyiogenctic uec as described in Example 1. In each 

20 case the catalytic domain alone was used for comparison. The two kinase 
related domains of the JAM protein were compared independently. Branch 
order is a function of structural similarity, branch length a function of sequence 
identity. The abbreviations used are: SRC= etrc; YES- c-Ycs; FES- c-fes; 
CSF1-R* Colony stimulating faaor 1 receptor; KIT= c-kit; PDGF-R» 

25 Platelet derived growth factor receptor-A; RET= rrKET; ANP-A= Atrial 
saluretic peptide receptor-A; ANP-B = Atrial naturetic peptirlft rMeptor-B; 
MOS= c-mos; PBS2= polyxin B antibiotic reiisUncc ^cne product: STE7 = 
sterile mutant wild-type allele gene product; JAKl/1- Domain-1 of Human 
JAKl; JAKl /2- PTK domain of Human JAKl. 



30 
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Figure 7 is a diagramatic rcpreicnution showing models for the rule of 
members of the JAK family of PTKs in signal transduction. T*o possible 
scenarios are considered based on an exn apoJation of the currant notions of 
5 the role of PTKs ia signal transduction. In panel A the Nterminal domain of 
the JAK protein serves to sense a particular metabolic cue and convert this 
input into two distinct outputs. Presumably the output of the second PTK- 
related domain is tyrosine kinase activity; the activity of Domain- 1 remains 
unknown. In panel B an alternative scenario is considered. In this case the 
10 function of Domain- 1 is the regulation of the PTK domain. In this scenario the 
sole output of the JAK pioicin is the PTK activity. 

Figure 8 is a representation of a nucleotide sequence and predicted amino 
acid sequence of murine JAK2. The nucleotide sequence is numbered beneath 

15 each line of sequence, from the first nucleoli* of the most 5' done. The 
predicted amino add sequence, in one letter code, is numbered at the end of 
each line of sequence. The two putative kinase domains are shown boxed with 
arrows, and the kinase consensus motifs are enumerated according to the 
nomenclature of Hsnks et.al (1988). Hie subscript a denotes thr. Icmase-related 

20 motifs present in the fim kinose^atcd domam, wWdj are immbered 
according to the same nomenclature. 

Figure 9 is a photographic representation showing expression of JAK2 in 
murine tissues. Northern blot analysis of 5 ug of mRNA from each of the 

25 tissues shown on top of the figure and from various murine (30F: mammary 
fibroblasts; 31A: mammary epithelial cells; 30.1: factor independent subline of 
thr .poietic cell line FDCPL N1H: fibroblasts) and human (K562: chronic 
myult genous leukaemic wills) cell line. The blots were hybridized with a 32 P . 
labelled 12 kb JAK2 probe and autoradiography was for 4 days. The relative 

30 mobilities of the 28S and die 1SS rRNA arc indicated. 
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Figure 10 is a graphical representation showing comparison of JAW and TYK2 
amino acid sequence*. The amino add sequences of JAK1 (Wilks ct aT, 1991) 
and Tm(Finnbach-Krafteial 1990) were compared using the " 
HOMOLOGY option in the propamine SEQMATCH. using a window length 
of 21 amino acids. The ordinate of the graph represent, die percentage identity 
between the two sequences, the abscissa represents the amino acid postion iu 
JAK1 at which the particular level of identity was calculated The shaded boxes 
below the graph represent arbitrarily ascribed JAK homology domains as 
discussed in the tea and further demonstrated in Figure 11. 



Hgure 11 is a representation showing amino acid sequence comparison of 
members of the JAK family of PTKs. The amino acid sequences of JAK1 
(WlUcs ct al. 1991) (designated Jl in this figure). JAK2 (J2 in this figure), and 

IS TYK2(Fumbach-Kra^ 

CLUSTAL program (Hi&ns and Sharp, 1988). The numbering system is 
relative only to the first amino acid of JAKL and does not take intn account 
the insertion of gaps into this sequence; it is therefore useful only as a relative 
measure of location. Ths extent of aach of the JAK homology domains was 

20 determined with reference to the homology plot shown in Figure 10. Amino 
acid positions conserved in at least 2 out of the 3 sequences presented arc 
boldcd and presented below the TYK2 sequence as a consensus sequence. 

Figure 12 is o representation showing a comparison of the JH3/JH4 domain 
25 region with SH2 domains. The two SH2 domains of GAP (Uic more N* 
terminal domain denominated GAP-N (residues 178-269), the more C- 
xmUnai GAP-C (residues 348-438) (Trahey et al, 1988), and the SH2 domain 
of v-cik (residues 248-354) (Mayer et al, 1W8) were compared with the 
JH3/JH4 of JAK1 (residues 425*536) (Wllks et aL 1991), JAK2 (residues 252- 
30 359) (this manuscript) and TYK2 (residues 449-555) (Firmbach-Kraft et aL 
1 W0). Amino acids held in common between the two classes of sequence are 
denoted by verriral Jjnes between the two sets of sequences. Conserved 
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residues held in common by member* of the tame class of rinmain we holded. 

EXAMPLE 1 
MATERIALS AND METHODS 

5 

Screening of cDNA librarias 

Several cDNA libraries were screened according to the protocols outlined in 
Maniatis et al, (1982). eDNA libraries from Murine NFS TPA activated 
Kpleen (Qontech caL# ML1018), murine swiss-albino 3T3 fibroblast (Clomech 

10 caL# 1023b), murine balb/c buuc marrow (Qontech cat# ML1007), murine 
swiss~wcbstcr whole brain (Qontech cat# ML! 002), murine ICR linoleic acid 
activated pleural macrophage (Qontech cat# MLlOOSbX and human 1st- 
trimester foetal liver (Qontech caL# HL1005b) were ail generated in Agr 11. 
cDNA libraries from murine Balb/fl rctris (ftnntech cat.# ML1020b), murine 

IS day 10 embryonic neuro-eplthellum (Reld CL aL 1990) and human foreskin 
fibroblast cell line A01518 (Quesson-WcWi cial 1989) were generated in 
AgQO. Around 10 6 recombinants of each of these libraries were sceened on 
each occasion. 

20 Library screening was carried out as follow;. 'Ilie HU22 (JAK1) PCR clone 
was labelled by nirJc-translatlnn (Maniatis et al v 1982) and used to screen the 
murine libraries. A murine cDNA clone of IJBkb was isulatcd amonjpt 3 other 
positives from the neuroepithelial and bone marrow cDNA libraries. Two full 
length human JAK1 cDNA clones were isolated from the unamplified human 

25 foreskin fibroblast cell-line A01518 by using the murine cDNA es a probe. 
Hybridisation was at 650C in fixSSQ 1% SDS; 0.5% Blotto; 200 pg/ml 
.eated and denatured herring spf.rm UNA After hybridisation, the 
stringency of the final wash was O^xSSC; 0.196SDS at 650C. Filters wci 
autoradiographed overnight using, Kodak XAR-5 X-ray film. 



30 
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For JAK2. the murine macrophage was screened first ** the ID 17 fl A K» 
uolotcd and ^ to the r^oauo, cDNA jftrirta. u^, , 

strategies *tte employed for (lie sequencing of JAK1 and MK2 cDNA 
(TROMEOA) «, en, ptoJ «d . ^ ^ 

--aw wixa sequence. In each ease the jeouenu* 

S^!l'^ 0 ^ TOwd " ^ ^ 

«FH303N) or - wwihta. (&llleicher 4 m 

T S DNA: ' 0,,g/nl Ea * DN * «« «. »n. 
ray film. wiUi two inteiutfying screens. 

3n 
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jpsitaU Eagam iad Emrin An.iv. j, 

5 PoJyclon.1 -*odi„ M3 and M4 ^ the 

(•TSKQNLIBCFEAL1JCO') of MK1 ^, M ^ Pepti[te _ 
«uplcd In iCybol. Un,pc, Hcmocyanir. with 0.05* ^terljehyde 

~ to , F T' m ***** -<» « -era, 

emuUinc in Freund, inMraplete ^ ^ ^ ^ 
I Alt injection. J c 

Cell, were oetabolicjiy labelled with .(.her »s-n..(hioni« or 32 p . 
" MNAM and MM 1^ RffA+uger ^ 

~ S i% ™- ^ 1% Na 0.1* SDS. toM 

, PMSF) "'*»» *«« o» to *><h andserutn ,«d taw™, 

belated tnai n A Sl^a.^^ bacttri , 

J*r*r 3 W d c* conui^ to ^ ^ ^ J(hiM 
100 mM orUiovancdMe „ phoq.hnt.je inhibitors. 

Phe.phoamino-.cid .naiytu of excucd SZp-UbeUed bands was «*ed out 

"** " dMO * e,, "> Ita »-"- **- ("80) Western blot an,,*, w* 
performed « do«nbcd by Towb.„ e, »,. (W o) M Bcdificd h ^ 

(• ^= i 'h«rtWmeph«ph MM eorl2«..l.bril« l p r o Icm . Aui . 
detection system. 
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tgadn Klnftie Allays 



U») o, RIPA buffer (coauintog 1.0* Triton-XlOO; M Sodium 
O-Wtata* U.1% So--, Dcfcjh^ «, Uvt ^ ^ 

10 wwjntj 1 ^ ° r ,h$CnCe °^ phosphatase inhibitors, such as 3QmM EDTA, 
10 lOmM NaF and lOOjiM Na2V04. 

"™ Ita h„ been perf^ ,„ , of 

l^rr <iconM ' iomM) or ^ m ~ 

been performed on ice (,s mio), „ 250C (is lui n). „ ^ (:s ^ „ „ 
37»C (2 min) b 0,c preen* w ^ „, ^ Na2vw 

^ 1r • 3:!p • 0T1, *» employed as phosphae donor in lieu of mmb 
with no cucoms. ' 



20 



to order m generate the MKl/giutathlone tran^a* ^ ^ m 

4, domain., (from nucleotides 1770-2672 in Fig.2) and the PTK domab, 
(from nucleotide* 2672-end in F.g 2, thu, bduding 5 extra amino 
bej^nd the ATP binding glycine motif) were each fused into the RamHI cite f 
PGEX2. The fusion protein <wu induced by the addiUon of ImM DTO as 
rt«cnbed elsewhere (Smith and Johnv.n. 1983) and Western blot analysis 
performs on an induction time ujurce with the M3 anri-JAKl scrum, and the 
•nUThosphotyms.ne antiserum (Kamps a,*J Sefton. 1988). Several source, of 
anu-phospbotyroslne amisera were tried. The data in Figure « vere obtained 
using a commercially available monoclonal antibody preparation PY-21. (1CN) 
In control experiments, induction of the insert-lea pCEX or pGEX/JAKl 
fusion protein produced no detectable tyrosine phosphorylation of bacterial 
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lubstrates and the reactivity of the anU-phophntyrwme aiiuserum could be 
completely abolished by the additional of phenyl phosphate. 

Computer Aided Sequence Analyris 
5 Amino acid sequence company were performed using an alignment 
programme from ^ Staderrbtted mite of programme on a VAX VMS 52 
The phyiogenetic analysis ef the two BaaseMike domains of JAK1 was 
performed wing the iree-builciu* concept of Fitch and Margoliash (1967) as 
implemented by Feng and Doolittlc (1987). The SCORE programme used to 
10 construct the difference matrix from which Ac **re derived using the 
BORD and DLEN programmes. were all the gift of Dr R Doolittlc of the 
University of Caltfbrnia - San Dlegn. 

The sequence alignment shown in Figie U was assembled using the 
15 CLUSTRAL pmgram (Higgins and Sharp, 1988) on a VAX VMS 52 

muiocomputer. The homology plot shown in Figure 10 was a«embled using 
the HOMOLOGY option nf the programme SEQMATOI. D £ -b^. ^-ches 
with each of the JAK homolgoy domains was reformed win* die PASTA ^ 

20 l9^ anUnC ' ba$Cd °" ** PcarS ° n/1Jpitman Cfctnon and Uppman. 

RACE/Anchor PGR 

RACE /Anchor PCR (Hrohman el ai. 1990; Loh cul, 1990) «a« performed 
by o modification of the original protocol. Briefly, 2ug of puly(A*) mRNA is 

75 converted to cDNA using an Amerxham cDNA synthesis kit (cat No. RPN 
1256) and 40 ng. of a IAK2 specific oligniuicleotide primer (5* 
- 4CACf.7lTTAAATATTrTTGT-3'). Prior to the addition of the reverse 
'ranscriptase, the reaction mixture was heated to 65«C cl )NA synthesis was 
inititated by the addition of 20 units of reverse transcriptase, and the reaction 

30 mcubatcd at 55"C for 75 minutes. The newly sunthesised cDNA was recovered 
by passage through a spun sephadex column (Maniatis tt aL, 1982) followed by 
ethanol precipitation. The mRNA/cDNA heteroduplex was G-Teilcd in 30uJ 
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containing 140 mM potauium cocodyiate, 30 diM Ttis. (pH72), ImM Cod, 
0.1mM DTT. 6mM d(iTP and 15 units of TdT (IBI), for 10 minutes at 37V.' 
The reaction wns terminated hy heating to ©5°C forlS minutes and ten 
diluted to 500 ul with lOmM Trls. Ha (pH7.5). ImM EDTA. For * 
5 RACE/Anchor PCR, Wul of the tailed cDNA was reamed into 
PCk buffer (SOmM KCL lOmM Tris. HQ[pH8 J], UmM Mgd 2 , aoi% " 
gelatin. 200,iM of each dNTP) to this was added SOng of «poly-C" 
^nucleotide primer (5'-CTCGACTCCACGAATTC l4 .y) and 2.5 unit* of 
Ie\Q Polymerase (Cetus). Ihe complementary strand of the cDNA was 
10 aymhesised with one cycle of 9S«C (5 minutes), S2»C (5 minutes) and G8"C (40 
minute), whereupon 500 ug or the "RACE/Anchor" primer (5»- 
C1U3AGTGGACGAATTC-30 and a nested JAK2 specific primer (5'- 
CTTCCTTAATACTGACATCA-3') were udded and the reaction mix 
subjected to 30 cycles of 95«c (1 minute), 52*C (2 mluutes) and 68'C (5 
15 minutes). TUc PCR product was phenol/chloroform extracted, precipitated 
and resuspended in lOOyl of water, '.he amplified material was then kinascd. 
fire fractionated on a Iow-meiting temperature agarose gel and cloned into ' 
Smal cleaved M13mp8. Plaques were screened hy hybridisation with a JAK2 
cDMA and potitivac sequenced. 

20 

EXAMPLE 2 

Isolation and DNA sequencing of cDNA clones encoding JAKl 

JAKl cDNA was cloned using PCR. Northern analysis (Figure la and b) 
25 demonstrated that in both mouse and human tissues and cell lines FD22 
(JAKl) was encoded by a single widely expressed 5.4kb mRNA. Human 
cDNA clones oF FD22 (JAKl) were isolated from a human foreskin fibroblast 
ccU line (AG 1518) cDNA library (Claesson-Welsh ct Al 1989). Two of the 8 
primary isolates cloned contained insms which were candidates f r being full- 
30 length cDNAs(-5Jkb). 
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The nucleotide sequent, of human JAM b shown in Figure 2. The 5' end of 
the done lias stop color* in all 3 reading frames prior to the putative 
uutinticn ATO. Two ATG start avion* in frame with the longest open 
5 reading frame were found at positioDS 40 and 76 in the nucleotide sequence 
ihrm**, Figure 2. The first of these is embedded in a particularly poor 
TCoiaic- consensus sequence (Kowk, 1984) (-TAAATGCAG-), whereas the 
second matches strongly with the optimal consensus sequence defined by 
Kozak, namely OCCATT.UCT, The ~cond ATG is considered to be the 

10 mmation eodon for this protein, since the first one transgresses one of the 
strongest correlations found In the sequences which precede initiation codun 
namely the presence of a T residue (in Ueu of an A residue) 3 nucleotide 
before the ATG sequence. At the 3'eud, an in-frame stop codon at position 
3502 defines the Cnerminus of the protein. A large (1.405 kb) 3' untranslated 

15 region containing a jwlyadenvlation signal completes the uiRNA sequence. 

The JAK1 coding region of 3426bp encodes a protein of 1142 amino-acid* with 
a calculated molecular mass of 132.000 tfaltnm. The PTK catalytic eomain » 
looted towards the C-tcmunus of the JAK1 protein (Figure 2). In describing 
the stnictura I features of this domain we have chosen to adopt the 
oomendature of Hanks tt al (1988). The putative ATP binding site composed 
of the motif GLY-X-GLY-X-X-GLY. (subdomain 1) followed by an invariant 
lysine residue (subdomain II) ft located between amino acid residues 871 and 
856 of the JAK1 protein. The core motif* of the PTJC catalytic domain (sub- 
25 domains VI to IX) are also iu their appropriate , locations, and are well 

conserved with respect to their primary sequence and th,.ir relationship to each 
Jther. The presence of a tyrosine residue at position 1022 In the JAK.1 
protein, 11 residues C-turmiui to sub-domain VII (a airnilady placed tyrosine 
is a site of tyrosine autophosphnrylation in v-fr^ Weinmimcr ct aj. 1984) is a 
30 consistent feature of member* of the PTK family and i. considered diagnostic 
of membership of this class of kinases. The arginine residue at position 1126 
(domain XI) marks the end of the highly conserved regions of the PTK 



20 



WO92/10S19 



PCT/US91/088S9 



-SO- 

catalytic domain and the entire catalytic domain of 25s amino acids is 
appmrfntaeiy 28% (with c^WUksand Kurboo. 198S) to 37* (with TWc- 
Kozmat, cl al. 19M ) Wenrica, to other functionally defined PTKs. Finally ' 

The Fe,e«. rfphenyWinine „„, ^ ^ J 

in this motif it unique to JAK1 and JAKZ "JP-opuan 

beMeni amino adds J7S and *7.a, 47 amino acids N-icrimiinl to the putative 

m dor^, „ * „„ demM1I ^ ^ 

V**- *» domain. „ 2 ^ etem „ tt ^ 

OQfl— IHmMj^fc The overall su ^alsltrJIanry of 
te domum to the VJna» domain, of both ti,. PTK end thrcouute/serin. 
ton« famjiie, atrontly «„« 0a[ ret ion 6f fc ^ ^ 
a proteus boa*. There are. however, sjputon, Terence, h ^ 

catalytic activity otncr than .erine/d^onine or tyrosine phosphorylation. For 
«»Ple. aub^omain VI. i, poorly eor«r«d *t. respect „ the consent 
motif, .n the otter kinase families, and the normally invariant -ASP-PHE- 

» wrT * m threnntoe '«« i ~ »— f«nili« (sulnlomaln 
» VU.) « replaced by the motif ASP-PROOLY- in Domain-1 of JAK1. As has 
ta» "ted elsewhere, the eonse„.Uon of the nrerite «au.oe. of .ub^omain 
VJ in the PTK and threonu»/,erin kinase farnite appears m correlate »iu> 
*« substrate speculciry of the kinase. Thus, i, u pebble tha, Dontain-l of the 
JAK1 bnoe has a substrate specificity other than that exhibited by the PTK 
30 and threoninc/icrmc kinase has a ,uh«r.te specificity other than that 

«*^dbyth.PTK„dth,eonine/«rine W n 1B e,. In support fthisnodon 
there are subtle differences in the normally consistent spacing « rtdn 
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icey motifs in Domain-1 of JAK1. The components of tlie ATP binding she 
(sub-domain* 1 a and ll a ) are some 7 amino acids further apart in this domain 
that they are In both the PTK family and the threonine/serine kinase family. 
Moreover, the spacing between sub-domain* Vl 4 and Vn a in this region it also 
longer by 9 amino acids. Conversely, the distance between sub-domains VII. 

al 

and is 7 amino acids shorter than the coiiespumling region In the PTK 
catalytic domain. The overall structure of this domain can be expected to be 
somewhat different to the catalytic domains of the members of the PTK and 
threonine/serine Jdnatc families. 



The sciences N-tcimiiwl to Domaln-1 bear no homology to any other portion 
of a previously described protein kinase. Specifically, no homology was 
detected to the SH2 domain described for the cytoplasmic PTKs such as c- 
«es/fp* (Sadowski el al 1986) GAP (Trahey ci a], 1988) and the 

15 phosphollpase-C family of proteins (SuhelaL 1988). This is a particularly 
interesting observation since no other non-receptor PTK has been described 
vhich lacks this feature. A hydrophlltcity plot failed to demonstrate the 
present of a hydrophobic domain characteristic of the growth factor receptor 
type of PTK (Figure 3b) suggesting that this pioiein is wholly Intracellular like 

20 other members of the non-receptor class of PTKs. The one outstanding 
feature nf the J AK1 hydropathy plot is the highly hydrophilic sequence 
between residues 320-350. 'Ifm sequence is not conserved in the murine JAK2 
protein, however, is remarkable nature suggests that it may well be involved in 
some function of the JAK1 protein. 

25 

Expression of JAK1 protein 

veral antisera were geneated against the human JAK1 protein. Polyclonal 
•ntlsera directed against the hexsdecamer -TSFQNLIECFEALLKC- (the C 
terminal 15 amino adds of JAK1) were rais«l in rabbits and used to 
30 investigate the nature f the JAK1 protein. A second rabbit antiserum was 
generated using o pGEX bacterial fusion protein containing the entire 
Domainal region of the human JAK1 pr tcin (see Example 1). Preliminary 
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sequence analysis of cONA dones of murine JAK1 demonstrated that the O 
teiminus or the human and murine, versions of this protein were identical 
whereas the murine and human Domain-1 regions exhibited awyhi^h degree 
of identity. Both systems have Ojus been used interehangAbry in the ' 
investigation of the properties of the JAKl protein. 

Both amlsera have been used for Western blot analyses and 
immuiioprecipitatlon studies and the data confirm the mRNA expression 
studies shown in Figure 1. For example, amisera M3 and M8 both 
immunoprccipitate a protein of the same apparent molecular weight (130 
kDaltons) from ^-methionine labelled murine breast fibroblasts (Fig. 4a). 
From the same source, 32 P-onhophosphate labelled JAKl was 
immunopredpirared as a ph«phothreonine and phosphoseriue containing 
phosphoproteln. It is a feature characterstic of members of the protein 
15 tyrosine kinase family that they are able to accomplish an act of self 

phosphorylation iaidlia Intriguingly, despite the high degree of sequence 
similarity held by the PTK-rclated sequence or JAKl to the K1X family in 
general, it was not possible to demonstrate tyrosine kinase catalytic activity in 
Unmunopreciptrstes of this protein from any of the murine ui human sources 
20 tested. A wide range of possibilities has been tested in search of suitable 
condidonsfcirmetooristrationnfthisactrvity. These are luted in Example 
1 . The reason for the lack of activity may lie. with a steric effect of the 
antibody in the active site of the enzyme. 

25 In order to determine Esther domain 1 or the FTK domain. In isolation, bore 
catalytic activity, bacterial fusion proteins of each were generated wiih the 
aluuihione transferase protein of **i't 0 « nnr> "~h-"to (Smith end Johnson, 
1988) and an attempt was made to demonstrate, with the aid of ami* 
phosphotyrosinc antibodies (Kamps and Sefton. 1988) the co-ordinate 

30 induction of the fusion protein and tyrosine pbosphurylated protein. In this 
system there is no cross-reactive background of the anti-phosphoiyreine 
antiserum, since there are no tyrosine kinases in bacteria (Pig. 4b). The 
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phosphorylation of bacterial proteins on tyrosine is thus easily detectable with 
audi a senira. In this tents of experiments neither pGEX without insert nor 
pGEX bearing Domaln-1 (pGEX/jAK/l/l) demonstrated any tyrosine kinase 
activity. The pGEX/JAK/1 fusion protein was further purified by affinity 
chromatography on a reduced glutathione column and have failed to detect 
any kinase activity using cither histones, casein or enolase as an erogenous 
substrate. The pattern of induabie tyrosine phosphorylation exhibited by the 
pGEX PTK fusion protein (pGEX/JAK/2) (Fig. 4b) is ususuallv simple for an 
ectopiw&y expressed PTK fusion protein. Remarkably, the 
autophcsphoiylalibn of the fusion protein itself does not seem to occur, an 
observation which may ro xume way toward explaining why we have had 
difficulty in demonstrating PTK activity in the intact protein. 

cDNA done* covering the coding region of the PCR clone FD17 (JAK2) have 
been isolated from a range of murine cDNA libraries. The predicted amino 
acid sequences of JAK2 and JAK1 shnw tcvcril regions of significant similarity 
to eoch other (Fig. 5, see also Example 3). 

Phylogenetic analysis 

The phylogenetic relationship of the catalytic domains of must of the protein 
kinases has been determined using the tree-building programme or Feng and 
Doolkde (1987). Figure 6 shows the phylogenetic relationship of the two 
kinase-rclated domains of the JAK1 protein to the rest of the kinase family. It 
is concluded from this family tree that these two dnmains had a common 
25 ancestor which prc-dated the development of the PTK suh-farnily. It is of 

interest to note that the kinase related domains of the ANP-receptnr/gnanylate 
cyclase family diverge at a point close by. 
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EXAMPLE 3 
Cloning and sequencing of JAK2 

S Sconce of Murine JAK2 

The PGR done FD17 was u*d as a basis to begin the cloning of longer cDNA 
done, of murine JAK2. cDNAs were isolated from a range of cDNA libraries, 
and by K ACE (Frohman et oL 1989, Loh * al 1989). The sequence of 
murine JAFC2 is presented in Figure 8. The predicted amino and sequence 
10 mdicate* that this pmtHn is highly related to JAKL At the C-terminu, an. 
sending approximately 270 amino acids towards the N-tcnniaus (AA 715- 
WO), are sequences bearing all the hall marks of a PTK cotalytie domoiu. 
These are labelled in Figure 8 according to the Hank, nomenclature 
immediately N-tennind to this (AA 400*30) lies the kinase-related domain 
15 Characteristic of this class of PTKs (Wilks et rf, 1991). The .„roach oudined 
»« Example 2 In relation to JAK1 was followed and assigned these kinase 
related domains according to the Hanks nomenclature, appending the suffix Nn 
to denote their origin. One unusual feature of this domain b an appucm 
UUem0n of ,cvcn «*h between elements VII, and Villa (Hanks 
20 nomenclature; Hank, and Quim, 1991) with respect to other member, of this 
fam.ly. inis feature appeared in only ouc done of the four sequenced which 
covered this region, and it remains possible that its presence is due to an 
mficquent splicing ahberatiou, rather than being of functional significance. 

25 Distribution of MK2 

Northern analysis of die expression of JAK7. in the mouse demonstrated two 
mRNA transcripts (4.8 and 4.4 kb) hybridizing to the JAK2 probe under low 
and high stringency hybridization condidons (Figure 9). It is Intriguing t note 
that the levels of the*,, transcripts alter with reject to one another in different 

30 Ussuci. For example, the kidney, spleen ind Jung appear to express 

FcdominanUy the larger form, where* ovary, placenta, skeletal (ak) nuadc 
and all murine cell lines analysed express both forms at about equal levels. 
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Under low stringency hybridization condidons the murine JAJC2 probe 
recopfcei human JAK2 RNA (K562), however, onjy the smaller transcript of 
4 4 * tt)uJd * At this point, the origin, of either of the nJn 

tratacript, are undear and no different**! slicing event, which «,uld" account 
for the differences between them could be detected. However, the major 
»urce of aire differential in these transcript, may lie in the use of different 
polyadenyiation signals. JAK2 is widely expressed in mouse organs, albeit to 
differed lew.ts. High expression was found in thymus, skeletal muscle, ovary 
and Placenta, but JAK2 transcripts were barely detectable in teste, or hver. In 
addition. JAK2 expression was derated in murine cell lines of fibroblastic 
(3QF, NTH), epithelial (31D) and hemopoietic (30.1) origin. 

JAK Family Homology Doraaim. 

Tbe dnning of JAKl and JAK2 has facilitated the identification of JAK family 

15 homology domains. Fig 10 shows a comparison of the amino acid sequences of 
JAKl. Sequence identity between these two protein, manifest, itself as sevr.n 
dearly defined homology domains. These seven domains are defined at a 
primary sequence level in Figure 11. ThePTX domain is classified as the 
JAK-homology Domain 1 (JH1), the second kinase related domain as the JII2 

20 Domain, and so on to JH7. The bouses of the JAK homology domain, arc 
arbitrary, and may or may not define functional domains. Howrver, their 
delineation is a useful device to aid the consideration of the overall structural 
*mulariiy of this class of proteins. The structure of the JH1 and JH2 Domains 
arc described in Example 2. Ine JH3 is one of the least highly conserved of 

25 the JAK homology domains, each family member bearing between 35% 

(JAK2) to 50% (JAKl) of die deduced con*™,, sequence. The JH4 domain 
wrs the sequence -GLYVLRWS- dose to its Cterminai boundary, which has 
some degree of homology to the SH2 domain cure sequence (see below). I„ 
addition, the most highly conserved sub-domain of this region bear, a potential 

30 tyrosine phosphorylation site, namely. -VDGYFRK Overall, the JH4 domain 
has bet^en 51% (JAK2) and 64% (JAKl) of the deduced consensus sequence 
for this domain. Each of the remaining JAK homology domains has be n 
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independently screened against the NBKI. and EMBL databases using the 
FASTA programme. There were uu compelling homologies found with 
anything in these database*. It is concluded that these domain, are ekcturolly 
end functionally cniumd in members of the JAK family of PTKs. but may 
5 not, in couu-«dUtinction to the SH2 and SH3 domain, of the ne family of 
PTKs, hove a role to play in other signal transduction molecules. 

The apparent ebsencc of an SH2 domain in any of the JAK family of PTKs fat 
intriguing. Subde sequence similarities have been detewed between SH2 

10 cou*nsus sequence* and portions of the JI13 aad JH4 domains (H. Hanafusa 
and A. Bernards, personal communication). Fig 12 shows an alignment nf these 
domain,. Whilst the similarity of the JH3 domain to SH2 domains is mr*r 
evdent in the region surrounding the SH2 core sequence (FLVRES) the 
homology does not extend far in either dfn»k» beyond this region, and only 

15 reappears again close to the Otcm.inal boundary of the SH2 domain. This 
lack of extensive homology, particularly in many of those elements most highly 
consemd between SH2 domains (Koch ct al, 1991) (presumably indicating 
those residues most Intimately involved in the wnscrved fuuuion or this 
domain), suggest, dial the homology detected is either happenstance, or the 

20 product of considerable sequence divergence in evolution. The SI 12 domain is 
currently believed to interact with phosphorylatcri tyrosine residues on the 
substrates of PTKs (reviewed in Pawsou. 1989; Koch et al, 1991). Whether the 
JH3/JH4 domains play a similar functional role remains to be determined. 



25 



EXAMPLE 4 



To show that JAK, are represented In a range of animals, oligonucleotide 
probes we re prepared and used to amplify and screen genomes from a variety 
of animals. JAK DNA was detected in Drosophila. renopus. mouse and 
30 human genomes. The main conserved sequence was DPG common tn ail 
animals tested. 
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CLAIMS: 

1. An animal protein tyrmin* kinase (PTK)-1ikc molecule: comparing « 
polypeptide having multiple protein kin.se catalytic Swains but no 

. SH2 domain. 

2. The KlX-like molecule accordi,* co claim 1. wherein the animal is a 
mammaL 

3. The rTK-likc molecule according to claim 1, wherein the animal is a 
human or mouse. 

4 

4. »he PTK-like molecule according to claim 1 or 2 or 3 wherein the 
polypeptide comprise, two protein kinase catalytic domains. 

5- The PTK-like molecule according to claim 4 havio* a molecular weight 
of from about 100.000 to ahnm 200,000 daltons. 



6. 



The PTK-like molecule according to claim 5 wherein the molecular 
weight is from about 120,000 to about 150000 daltons. 



7. The PTK-like molecule according to any one of claims 1 to * wherein 
the polypeptide is a synthetic polypeptide. 

«. The PTK-like molecule according to claim 7 wherein the symhciic 
polypeptide is a rccombiiiuni polypeptide. 

9- The PTK-like molecule according to claim 1 wherein said molecule is 
JAK1. 
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10. The PTK-Iike molecule according io claim 1 wherein said molecule is 
JAK2. 

11. A nucleic acid molecule comprising a nudeotido ^quence encoding an 
animal protein tyroinc-likc molecule comprising a polypeptide having 
multiple protein kinase catalytic domains but no SH2 domain. 

12. The nucleic add molecule according to claim 11 wherein the animal is a 
mammal. 



1 3. The nucleic acid molecule according to Cairn 1 1 uWia the animal b » 
human or mouxe. 



K The nucleic acid molecule according to claim 11 or U or l4 ^ crein 
&e polypeptide comprise two protein kinase catalytic domains. 

15. The nucleic acid molecule according ro claim 14 wherein the molccul* 
wegith of th. polypcpddc is from about 100.00U to about 200,000 
daltnns. 

16. The nucleic add molecule according to claim 15 wherein the moleclar 
*e»Rht is from about I20.UUU to about 150.000 daltons. 

17. The nucleic acid molecule according tn claim 11 wherein the PTK-like 
molecule is JAX1. 

18. The nudeic add molecule according to claim 11 wherein the PTK-like 
molecule is JAK2. 

1*. An agonist to the PTK-likc molecule according to any one of dohns 1 
to 10. 
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20. An antagonist to the PTK-likc molecule according to any one of claims 
ltolO. 



21. A. .m**, ,0 «. mm mol.eul, t0 one 0 , ^ 
to 10. 

22. I ne antibody according to claim 21 wherein the antibody is a 
monoclonal antibody. 



23. 



A method for phosphorating a protein comprise contacting said 
protcm with « phospborylAhng effective amount of an animal protein ' 
Qroane kinase-like molecule, uid molecule comprising a polypeptide 
having multiple protein kinase catalytic domains but no SH2 domain fur 
a time and under condition, sufficient for said first protein to be 
phosphorylnted. 



a mammal. 



*• The method according m claim 23 wherein the annual is 

M. The aathod accordu* u, claim 23 wherein the animal is a human or 
mouse. 

26. The method according to claim 23 or 24 01 25 wherein the polypeptide 
comprises two protein kinases catalytic domains. 

27. The method accruing to claim 26 wherein the molecular weight of the 
arotein tyrosine-like molecule is fmm about 100,000 to about 200 000 

daltons. ' 

28. The method accord^ to claim 27 wherein the u.ulecular weight is from 
about 120,000 to about l.M),uoo daltons. 
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29. The method according to any of i|* dalms 2* to 28 herein the 
polypeptide w a iyntheUc polypeptide. 

30. The method weonUaf to claim 29 ivherein , 

31. ^^dai,,, a herein .hem-lik.,.^^ 
33. The™!,*, .ccording ,o data a hereto n**. ao.ea, le . „ 
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